correspondence PhenoRipper: software for rapidly profiling microscopy images To the Editor: Recent advances in fluorescence microscopy have enabled unprecedented progress in many areas of biology. With the technology to perform high-content image-based screens now accessible to many labs, the analysis of the resulting large and complex data sets has become a bottleneck. Existing image analysis platforms 1-3 offer flexible and sophisticated toolboxes for extracting biological information from image data. However, they can require steep learning curves, tuning of many parameters and long computational runtimes. There is an unmet need for easyto-use tools that enable bench scientists to rapidly interpret their image data sets. Here we describe PhenoRipper (Supplementary Software; updated versions available at http://www.phenoripper. org/), an open-source software tool designed for rapid exploration of high-content microscopy images ( Fig. 1a and Supplementary  Fig. 1 ). PhenoRipper permits rapid and intuitive comparison of images obtained under different experimental conditions based on image phenotype similarity.
range of phenotypes, encompassing nontrivial population-level effects such as cell-type heterogeneity or local cell-density effects (Fig. 1c) . Although realistic synthetic data cannot replace true experimental data 6 , SimuCell can be a useful part of the algorithm developer's toolbox by generating rich, flexible test image data sets containing specified, parameterized 'biological' effects. Figs. 3b and 4) . These profiles provide compact, human-and machine-interpretable summaries of image phenotypes. Profile similarities can be used to infer relationships among experimental conditions and underlying mechanisms of perturbations.
We tested PhenoRipper on a data set (640 four-channel images) in which cells were difficult to segment and phenotypically heterogeneous 9 ( Fig. 1b and Supplementary Fig. 5 ). This data set consists of images of 3T3-L1 preadipocytes that were monitored for multiple readouts of adipogenesis at different days after induction of differentiation. Our original study, in which image analysis was carried out by traditional single-cell analysis, required a tedious manual step of discarding poorly segmented cells. In contrast, PhenoRipper completed its analysis in ~6.5 minutes, selecting image features that could distinguish among images from different days of differentiation and identifying superblock types that corresponded roughly to subcellular features of previously identified subpopulations, at different stages of the differentiation process 8 . Thus PhenoRipper can reveal meaningful features of heterogeneous populations and images for which robust cell segmentation is not easily achieved.
Next we reanalyzed a data set (~10 5 three-channel images) whose scale and complexity is representative of highthroughput screens, which typically require dedicated image analysis platforms and analysis expertise 10 (Fig. 1c) . This data set is from an experiment in which the effects of ~23,000 genome-wide RNAimediated knockdowns on HeLa cells were monitored using cytoskeletal markers. The previous analysis was reported to take over 300 CPU hours, which excludes the time required to optimize the analysis pathway. In comparison, PhenoRipper completed analysis of this data set in ~13 hours on a test desktop, without the need to tune any parameters other than threshold intensity and block size. To compare the profiling results, we focused on the 'hits' reported in the previous study (our analysis of these ~7,000 images took ~30 minutes). Visual grouping of PhenoRipper profiles, annotated by phenotypic classes defined in the previous study, suggested that similarities between knockdown profiles had been largely preserved between the two methods (Fig. 1c) . Overall, similar profile pairs from PhenoRipper showed strong enrichment for similar biological function (Supplementary Methods and Supplementary Fig. 6 ). Thus PhenoRipper provides an approach for rapidly extracting biologically meaningful information from large, complex data sets.
PhenoRipper is designed to serve as an unsupervised exploratory tool for analysis of fluorescence microscopy images for both novices and experts. It may not always be the optimal tool-some applications may require quantification of specific features on single cells or may be more suitable for supervised classification. Nevertheless, the speed and simplicity of PhenoRipper make it a useful tool that enables bench scientists to perform rapid analysis of image data soon after acquisition. as a resource for testing and validating automated image-analysis algorithms. The BBBC is particularly useful for high-throughput experiments and for providing biological ground truth for evaluating image-analysis algorithms. If an algorithm is sufficiently robust across samples to handle high-throughput experiments, lowthoughput applications also benefit because tolerance to variability in sample preparation and imaging makes the algorithm more likely to generalize to new image sets. Each image set in the BBBC is accompanied by a brief description of its motivating biological application and a set of groundtruth data against which algorithms can be evaluated. The ground truth sets can consist of cell or nucleus counts, foreground and background pixels, outlines of individual objects, or biological labels based on treatment conditions or orthogonal assays (such as a dose-response curve or positive-and negative-control images). We describe canonical ways to measure an algorithm's performance so that algorithms can be compared against each other fairly, and we provide an optional framework to do so conveniently within CellProfiler. For each image set, we list any published results of which we are aware.
The BBBC is freely available from http://www.broadinstitute. org/bbbc/. The collection currently contains 18 image sets, including images of cells (Homo sapiens and Drosophila melanogaster) as well as of whole organisms (Caenorhabditis elegans) assayed in high throughput. We are continuing to extend the collection during the course of our research, and we encourage the submission of additional image sets, ground truth and published results of algorithms. 
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